Summary Cytogenetic investigation was performed on direct preparations of 15 endometrial cancers showing different histotypes. Clonal abnormalities were found in 11 out of 13 analysable cases. The modal chromosome number was near diploid in all cases. The abnormal karyotypes contained relatively simple numerical or structural aberrations in the majority of tumours. In contrast, two neoplasms with serous papillary and mixed mullerian morphological features shared multiple complex changes as well as cytogenetic evidence of intratumoral heterogeneity. The most frequent chromosome abnormality in our series of endometrial neoplasms was 6q deletion, which was detected in serous papillary, endometrioid and mixed mullerian tumours. The loss of the 6q region, which is also frequently involved in ovarian carcinoma, suggests a relationship between endometrial and ovarian cancers based on a common histogenesis.
Endometrial cancer is the most common gynaecological malignancy in Italy, accounting for 42% of female genital tract cancers diagnosed from 1983 to 1987 as reported in the Varese Cancer Register (Zanetti and Crosignani, 1992) .
The pathogenesis of endometrial carcinoma is heterogeneous, and two different clinical entities referred to as type I and type II can be distinguished (Kurman et al, 1994) . Type I is more frequent in younger women and often associated with unopposed oestrogen exposure. It is histologically endometrioid and usually well differentiated, of moderate aggressiveness and frequently preceded by well-defined precancerous lesions (Bokhman, 1983; Smith and McCartney, 1985) . Type II cancer includes serous papillary, clear cell and undifferentiated carcinomas that are not associated with well-identified precursor lesions. It is rarer and clinically more aggressive than type I cancer and is usually diagnosed in older women without a history of oestrogen exposure.
In addition to these two types of endometrial cancer, the malignant mixed mullerian tumour can be considered as a rare, but very aggressive, neoplasm.
Until now, little has been known about the process of tumorigenesis of the two main types of endometrial carcinoma. Cytogenetic and molecular genetic studies can provide information that may be relevant for the pathogenesis and may contribute to the identification of specific types of tumour with different biological behaviour. To date, there have been relatively few studies on clonal cytogenetic abnormalities in endometrial cancers. Mitelman (1994) reported 50 cases with clonal chromosome aberrations. More recently, Bardi et al (1995) , in a cytogenetic study of 13 endometrial carcinomas, showed that trisomy or tetrasomy 1, trisomy 2, 7, 10 and 12, and loss of chromosome 22 were common alterations.
We (Creasman, 1989) .
Histological study
After formalin fixation and paraffin embedding, haematoxylinand eosin-stained tumours were classified according to the criteria of the WHO (Scully et al, 1994) . Malignant neoplasms were subdivided into well (GI), moderately (G2) and poorly differentiated (G3). The grade (G) was based on both nuclear and architectural features as recommended by the FIGO Staging System (Creasman, 1989) and WHO (Scully et al, 1994) . The mitotic index of each tumour was estimated on ten high-power fields (HPF) at a magnification of 400 x.
Cytogenetics study
Chromosome analysis was performed in each case on direct preparations using the method reported by Dalpra et al (1986) , with some streptomycin, 1% L-glutamine, insulin (I gg ml-1), cholera toxin (100 ng ml-') and epidermal growth factor (1 ng ml-') (Pejovic et al, 1989) . The tumour cells were exposed overnight to colcemid (0.02 gg ml-') and harvested by hypotonic treatment in 1% sodium citrate and repeated fixations in methanol-acetic acid (3:1). dehydrated in an ice-cold ethanol series and air dried. Cot-I and YAC DNA mixed with chromosome 6 paint were denaturated at 80°C for 10 min and preannealed for 2 h at 37°C. Hybridization was carried out at 37'C ovemight in a humid chamber. Slides were washed three times in 50% formamide at 42°C, 2 x SSC, pH 7.0, and three times in 2 x SSC at 42°C. Hybridized probes were detected by incubating slides at 37°C in a mixture of rhodamine-antidigoxigenin (ONCOR) and fluorescein-avidin DCS (Vector Laboratories). The amplification step was performed with rabbit anti-sheep and anti-rabbit antibodies (ONCOR) for the digoxigenin-labelled probes, and anti-avidin antibody (Vector) for the biotin-labelled probes. After incubation, slides were washed three times in 4 x SSC, 0.05% Tween 20, and then dehydrated through an ethanol series. Finally, preparations were mounted in an antifade solution containing DAPI or propidium iodide and observed with a Leica DMR fluorescence microscope under a triple-bandpass or FITC filter.
RESULTS

Conventional cytogenetic analysis
Conventional cytogenetic analyses of tumours from all patients are summarized in Table 2 . Clonal chromosome aberrations were found in 11 endometrial cancers, whereas two cancers displayed normal karyotypes. The modal chromosome number was in the diploid range in all tumours with an abnormal karyotype. In four cases normal clones were detected together with clones with a single anomaly (cases 3, 4, 5 and 6). Two carcinornas (cases 14 and 15) shared chromosome instability and the karyotypes were not analysable.
In seven cases (7, 8, 9, 10, 11, 12, 13) composite karyotypes were observed and in two of these (cases 8 and 13) two different clones were shown.
Chromosome 1 was involved as numeric and structural anomalies in three cases (7, 11, 12) . Loss of the entire chromosome 18 was identified in three cases (3, 12 and 13), one of which (case 3) showed a monosomy of chromosome 18 as the sole anomaly.
The most frequent chromosome abnormality detected in our series of endometrial neoplasms was 6q deletion (7 cases out of 13). This type of aberration was present as a sole anomaly in two cases [cases 4 ( Figure 1) and 6] or in association with other types of abnormalities in the remaining five cases (cases 8, 10, 11, 12, 13) . The position of the proximal breakpoint varied between bands 6q21 and 6q25, breakpoints at 6q24 and 6q25 being most frequently involved.
FISH analysis FISH analysis using WCP for chromosome 1 confirmed the presence of a translocation in case 12 and gain of chromosome 1 in cases 7 and 11.
FISH analysis using WCP for chromosome 6 as probe was performed in eight cases (2, 4, 6, 9, 12, 13, 14, 15) , in four of these (cases 4, 6, 12, 13) the loss of part of the long arm of chromosome 6 was confirmed by the presence of two FITC signals of different sizes ( Figure IC ). In the remaining two cases (14 and 15) the FITCconjugated chromosome 6 probe painted different chromosome regions (more than 3 and 4) of small size, suggesting a chromosome fragmentation.
We also performed a dual-colour FISH analysis using simultaneously WCP for chromosome 6 and YACs from the 6q27 region as probes. It was possible to apply this combined analysis to five cases [3, 4, 8, 12, 13 (Figure 2) ] and molecular loss of the 6q27 region was detected in three of them (cases 4, 12 and 13). In case 3 normal chromosome 6 was observed and unfortunately we could not evaluate 6q27 molecular loss in case 8 because insufficient metaphases were available.
DISCUSSION
Our data demonstrate that cytogenetic anomalies are frequently detected in endometrial neoplasms belonging to both type I and type H according to Kurman et al (1994) . Eleven of 13 endometrial analysable cancers studied were cytogenetically abnormal. In six cases a mosaic constitution showing clones with normalaneuploid chromosome constitution (cases 3, 4, 5, 6 and 8) and haploid-near-diploid complement (case 13) were identified. Two endometrial neoplasms had chromosome instability. Cells of these tumours typically contained fragmented chromosomes, quadriradial and/or triradial, and varying complex structural rearrangements preventing complete karyotype descriptions. This chromosomal pattem is typical of ovarian carcinomas (Trent et al, 1985; Thompson et al, 1994) , but it has not been described in endometrial cancer.
The catalogue of Mitelman (1994) reported 50 uterine carcinomas, the majority of which showed simple karyotypes. Abnormalities of chromosome 1 and particularly trisomy or tetrasomy of lq have been described. In addition, abnormalities such as trisomies 2, 7, 10 and 12 have also been found. Although abnormalities of chromosome 1 are reported as recurrent aberrations in endometrial cancers (Couturier et al, 1986; Yoshida et al, 1986; Shah et al, 1994; Bardi et al, 1995) , in our study chromosome 1 anomalies were identified in only three cases showing endometrioid and mixed mullerian histotypes. These different results may be partly explained by the different technical approach in the study of chromosomal anomalies. We studied chromosome constitutions of endometrial cancers using direct preparations and it is well known that this technique identifies cells in active proliferation (Dalpra et al, 1986; D'Alessandro et al, 1994; Westphal et al, 1994; Bardi et al, 1995; Rosenberg et al, 1995) . We found this technique to be more efficient than short-term cultures in identifying the chromosome abnormalities in cancer cells avoiding those of contaminating tissues. 6q deletion is the cytogenetic abnormality most frequently involved in our cases (7 out of 13 cases), and this anomaly was identified in neoplasms showing endometrioid, mixed mullerian and serous papillary morphological features. It is well known that anomalies of 6q are involved in several human malignancies, and occur at high frequency in serous papillary ovarian carcinomas (Sato et al, 1991; Saito et al, 1992; Foulkes et al, 1993; Mitelman, 1994; Orphanos et al, 1995; Tibiletti et al, 1997) . Molecular studies employing loss of heterozygosity (LOH) analysis allowed a region of common deletion to be defined that spans markers D6S149 and D6S193 located in 6q27 (Saito et al, 1992) . So far, this chromosome abnormality has not been strictly related to the endometrial carcinomas, although different authors have reported, separately, chromosome 6 deletion in serous papillary, endometrioid and mixed mullerian endometrial cancers (Musilova and Michalova, 1986; Milatovich et al, 1990; Shah et al, 1994; Bardi et al, 1995 On the contrary, no relationships between chromosome constitution and grade, proliferative status and clinicopathological stage were observed, but clearly more cases need to be analysed in order to achieve statistical significance.
The 6q deletion was detected in serous papillary and endometrioid carcinomas of the endometrium that show morphological similarities with the ovarian counterparts. Interestingly, the tumour-suppressor gene(s) mapped to 6q27 by allelotype studies (Sato et al, 1991; Saito et al, 1992; Foulkes et al, 1993) , and involved in the pathogenesis of ovarian tumours, might also play a role in endometrial tumours. This is not unexpected given the common histogenesis of muillerian structures.
